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Abstract 

Quartzlock  is  engaged  in  research  to  improve  the  generation ,  measurement ,  and  distribution  of 
accurate  frequency  sources  that  are  stable  with  environmental  changes .  The  elements  in  this  progress 
report  are  both  active  and  passive  masers,  quartz  frequency  standards,  measurement  systems , 
GPS/Glonass  receiver,  GPS  CVTT,  and  rubidium  standards.  Space-qualified  passive  hydrogen 
masers  and  rubidium  oscillators  are  considered.  A  new  measurement  system  is  detailed  and  the  first 
noise  floor  results  are  reported. 


ACTIVE  AND  PASSIVE  MASERS,  GPS-GLONASS,  AND  GPS 
CVTT 

NIST-traceable  measurements  have  been  made  of  a  passive  hydrogen  maser  with  GPS,  rubidium, 
and  other  elements  for  a  new  primary  reference  clock  being  developed  with  European  Union 
assistance. 

IEM  Kvarz  provided  an  ensemble  of  active  hydrogen  masers  to  measure  the  GPS  carrier-phase 
tracking  RX  performance  of  5a;10_14  over  3  to  33  days.  This  figure  was  confirmed  at  PTB.  The 
active  maser  performance  has  been  significantly  improved  at  1  day  to  3a;10~16  for  drift  after  1 
year  of  operation  (5xl(T16  in  the  first  month). 

The  H  masers  used  as  a  reference  are  CHl-75’s.  Results  include  the  CHI-75  active  hydrogen 
maser  frequency  stability  measurement,  which  has  an  automatic  cavity  frequency  control  (ACFC) 
system.  Two  ACFC  systems  were  investigated.  The  first  system  was  non-autonomous,  because 
another  hydrogen  maser  was  required  for  its  operation;  the  second  system  was  autonomous. 
The  atom  line  quality  modulation  method  was  used  in  both  systems. 

The  ACFC  system  is  based  on  measurement  of  the  frequency  difference  of  masers  at  two 
atom-line  quality  values  by  means  of  a  frequency  comparator  and  a  reversible  counter  and 
cavity  frequency  control  versus  the  value  and  sign  of  this  difference.  In  the  non-autonomous 
system,  a  cavity  autotuning  was  produced  by  cycles  with  a  2300-s  duration  (a  count  time  of 
the  reversible  counter  in  one  direction  was  1000  s);  atom-line  quality  was  changed  by  beam 
intensity. 
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10  s  was  used.  The  modulation  was  performed  by  introduction  of  an  inhomogeneous  magnetic 
field  into  the  storage  bulb.  The  tuning  was  performed  by  cycles  with  Z5-s  duration  (the  count 
time  of  reversible  counter  was  10  s).  An  additional  digital  filter  (the  second  reversible  counter) 
was  introduced  after  the  first  reversible  counter. 

The  experimental  frequency  stability  of  the  hydrogen  maser  with  autonomous  ACFC  was  5xl0-15 
per  day.  Using  a  more  stable  crystal  oscillator  having  a  frequency  stability  of  l.5xl0“13  at  1  s  to 
10  s  will  improve  maser  frequency  stability  approximately  by  3  times  and  using  a  microprocessor 
or  a  personal  computer  as  a  digital  filter  improves  dynamic  performance  of  the  ACFC  loop. 

The  Autonomous  Autotune  (AAT)  system  employed  enables  close  to  Cavity  Autotune  (CAT) 
performance  with  two  active  hydrogen  masers,  which  achieve  Allan  variances  of  2xl0~13  at  1  s, 
3xl0-14  at  10  s,  and  2xl(T15  at  1  d,  but  without  the  advantage  of  a  redundant  system  needed 
for  HiRel  timing.  IEM  KVARZ  is  providing  active  H  masers  for  qualification  and  specification 
analysis  of  a  new  passive  maser,  a  GPS/Glonass  RX  measurement  system,  and  GPS,  CVTT, 
and  rubidium  elements.  The  passive  H  maser  target  performance  meets  the  European  Space 
Agency  PM  specification  requirement. 

GPS  size,  weight,  and  power  reductions  are  significant.  A  new  low-cost  GPS  element  result  is 
illustrated.  It  is  not  expected  to  be  reproducible  in  production  quantities  as  a  product  spec, 
but  is  a  typical  test  result. 


MEASUREMENT  SYSTEM 

The  current  measurement  system  A7  has  the  highest  resolution  available  in  the  shortest 
measurement  time:  1.5x10“ 15  in  only  100  s  and  1.5xl0-16  in  1000  s.  For  the  new  passive  maser 
this  is  the  development  tool  used.  However,  in  a  system  where  the  new  PHM  is  the  standard 
against  which  the  DUT  is  measured,  a  low  cost,  smaller  size,  lighter  weight  module  is  required 
for  it  to  be  a  component  part  in  a  complete  system.  The  performance  required  is  not  as 
high  as  the  current  A7,  but  innovative  solutions  enabling  substantial  cost  size  and  weight  were 
required.  A  completely  new  approach  was  adopted  that  met  the  need  of  the  Alpha  project  in 
all  respects  -  the  results  achieved  are  plotted. 


RUBIDIUM  OSCILLATOR 

The  rubidium  oscillator  element  has  to  be  the  most  rugged  because  this  link  in  the  redundancy 
chain  must  survive  longest,  and  telecom  component  applications  in  both  civil  and  defense  use 
have  differing  environmental  requirements. 

Current  HSRO,  LPRO,  SRAFS,  and  LCRO  specs  are  tabled  below. 


LABORATORY  ENVIRONMENTAL  DATA 

Mechanical/physical  environmental  testing  revealed  the  following  results  during  tests  of  the 
rubidium  element. 
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Fig.l  NIST  traceability  of  A8-B 


Fig.2  NIST  traceability  of  Passive  Hydrogen  Maser 


Fig.  3: 

Resonance  Search  -  Axis  1 . 

Monitor  Accelerometer  on  Rubidium  Module. 
Pre  -Endurance  Testing _ 
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Fig.5 
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JPitiaiiVi  foe  w>*t  was  ruri  to  tee  find  axis  to  detePtVrte  which  dt  the  major  components 
manifested  tea  worst  idsonerico  wiftehtn  torn  would  produce  the  boat  piano  in  which 
to  monitor  and  later  compare  too  refspoosn’s.  Resnnapua  wee  «h«t*»d  on  > 

( t  >  The  it artsfooner  <rc*oonse  bun  b»  seen  on  page  Gj 

»2)  Tno  front  panto  of  the  osstog  (response  swi  b«  ««»«  on  page  7). 

(3)  TSa  Rubibiom  treqoenoy  aianciafd  ffiotloie 

it  was  tell  that  die  Rubidium  module  provided  toe  best  place  on  vdkcivfcs  mpfikor 
?e»o;i»nce>  and  »3  3uclt  was  chosen  s*  ibe  retorerf^r  prjinvtof  inotiitnriiRJ  do:ir»g 
axea  1  62. 

During  »*i»  3  it  w»»  lot;  tost  the  Obs*#  o>  ot:a»&iO  >:>f  :!»:<  casing  would  provlms  a  better 
place  to  :rxjn:tor  as  tod  treosmtstvon  of  vibration  torowgit  it  would  be  counnof:  to  a«  oi 
tt><<  coivtponocift  mounted  on  it 


3  2  Sinuwoidai  Vibration  {E«duraoc«>  in  accordofuso 
BS  EM  eQMR~2  ^  :  1893 


the  same  Rfotiie.  Aga(t\  iite  test  waa  apaiied  in  boch  of  tno  tore#  tnotuafey 
perpendscalar  axea. 

lJvsrt  tenting.  it\a  resonance  se-x rcb  te.sf  was  wp«mt«d  »n«  tbo  fospon&oe  plotted  for 
comparison.  Th«eo  (Vote  can  be  seen  in  the  »pper-dix  ad  etb  <&&?  of  ibid  roport 


3  3  Shock  in  accordance  with  test  specification  &3  SO1 1  :  Part  2.1  fcb  1 1067. 

1  bo  unit  was  subjected  io  a  sbock  test  sppiied  onjy  in  it's  fiunritw?  cparaytig  e«i ftxte 
(soo  pbotopmpb  1  on  the  roCowxtg  bagn>:  arfd  uricov  too  fcftcwfng  cnhdiiiene  - 

A  naif  sin«  shock  puiss  with  »n  ampiitode  of  £S  q»>  (243  mto^i  and  «  dufetidh  «f  6  m» 
applied  repeaiediy  at  n  fate  of  30  shocks  par  minute,  to  complete  <000  bumps. 

A  pkit  shcrwtng  to«  «ppi:od  shock  poise  eon  f>&  see »  to  toff:  apnandix  at  too  rearer  ttys 
ropoft 
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Fig.9 


Ktfpart  Of/-  2000 
?*«««  4  rtf  -iA 

3.3  Cotttfaeed-s. 


Photograph  1  Ueft  mounted  in  Jt'«  normal  operating  *tt« ade 
during  »hoett  testing 


3,4  Drop  &  Toppie  lo  accordant:*  wHh  taxi  epaelHoetton  B»2Qt1  :  Part  2  dEe ;  4«77, 
Drop  Test, 

The  unitwex  pieced  im’ft'#  rubber  feet  j«  it's  noftmioperaiing  ortStr.Kle.  unto  a  em««?n 
concrete  lloor  The  tovwx  eogo  of  livs  hunt  face  was  raised  to  »  height  of  ?.fs  rr<m  and 
allowed  to  fail  to  the  Rooi  under  fts  own  weight.  The  fast  was  repeated  for  the 
i&fnairtim  (tree*  toot*  ■{::*  back.  ***'&  right)  and  between  each  too*  an  oper«:x>nul 
oiieek  was  mace 

Toppf®  Test 

Tins  unit  was  aicod  up  ort  it's  mar  face  on  a  smooth  concrete  floor.  Juxt  enough 
pressure  was  then  applied  to  a>k>w  the  unit  to  ovemom»  lt'«  centre  of  balance  and  fa!i 
onto:  «’a  bottom  fane  under  it'*  own  weight.  The  teat  w»s  rcpodteo  allowing  the; 
sample  to  fell  in  the  opposite  direction  onto  it  a  top  face.  After  each  fast  an 
operational  check  was  made  to  ensure  tie*  correct  functioning  of  the  Chit 


Fig.  10 


Koporr  Oi?--  2000 
Page  »  ot  14 


4  O  Summary, 

Testing  we«  completed  at  >oo«ss  fatly 

Post  vibration  tasting.  »  oefahoratloo  was  nofad  in  rhe  ore  erfd  post  rosonunuo 
responses  (n  axis  i .  Visual  examination  reveamd  the  caiise  erf  tl>l»  change  to  be 
attributable  id  two  things  :- 

frifsdy  It  was  ooaorved  that  trio  (small  fixing  screw*  around  the  Kubnilum  module 
casing  had  become  rJightty  loosened  and  that  one  of  four  screw*  scouting  too  end 
panel  tfad  isecome  dompefaty  renatvefi. 

f>*eon«iy.  the:  eo-exiai  screw  oi«m»  plug  on  tho  wj  parrel  had  also  oeoome  fane a 

With  tim  oxception  of  th-esa  early  problem*,  vasuai  examination  after  «*Ch  stage  of  t:w> 
testing  revaaied  no  rtamaye.  breakage  or  toosa  cafta  which  might  be  consinened  fa 
ba  detrimental  fa  thrs  oorraei  funefionir >y  of  Ut«  proouut. 

liilecJncal  opens  ttonaiciiecks:  performed  during  and  after  eowstti  drop  and  fappia  «t»t» 
eleo  revealed  no  faults 


S.O  Appendix. 

f  he  following  pages  contain  pfate  raknn  from  the  vibration  control  fens  software  at  the 
end  of  each.  fast.  Information  on  each  pfof  fa  ffafad  on  «'»  rename  side 
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Fig.  11  NIST- traceable  passive  maser  offset 


Synthesizer  adjustment  end  Oct. 
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